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1

APPARATUS FOR SIMULTANEOUS
GRINDING AND FROTH FLOTATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a U.S. national phase of PCT Application No.
PCT/EP2015/077465, filed Nov. 24, 2015, which claims
priority to European Application No. 141935365.3, filed Nov.
28, 2014 and U.S. Provisional Application No. 62/111,145,
filed Feb. 3, 2015.

The present mvention relates to an apparatus for simul-
taneous grinding and froth flotation of at least one crude
mineral and/or pigment, a process carried out in the appa-
ratus for manufacturing at least one ground mineral and/or
pigment, use of the ground mineral and/or pigment bearing
phase obtainable by the process 1n paper applications as well
as 1n paper, plastics, paints, coatings, concrete, adhesives,
sealants, food, feed, pharma, cement, cosmetic, water treat-
ment and/or agriculture applications, preferably in a wet end
process of a paper machine, 1n cigarette paper, board, and/or
coating applications, or as support for rotogravure and/or
offset and/or 1k jet printing and/or continuous ink jet
printing and/or flexography and/or electrophotography and/
or decoration surfaces and the ground mineral and/or pig-
ment bearing phase or ground mineral and/or pigment
obtainable by the process.

Crude minerals and/or pigments comprising calcium car-
bonate-comprising materials, barite, aluminium oxide or
titanium oxide often further comprise impurities such as 1ron
sulphides, 1ron oxides, silicates such as quartz, mica, amphi-
bolites, feldspar, clay minerals and/or graphite in relatively
high amounts. The separation of these materials 1nto both a
desired mineral and/or pigment fraction, e.g. a calcium
carbonate-comprising fraction, and a reject impurity frac-
tion, e.g. a silicate fraction, 1s of high interest to industry, as
both fractions find applications 1n a wide variety of similar
but also different domains. The apparatus according to the
present 1nvention 1s suitable for direct (1.e. mineral or
pigment in the froth) and indirect (1.e. impurities in the froth)
flotation for all kind of ores.

Calcium carbonate-comprising materials, for example,
are widely used 1n paper applications as a filler or pigment
in base paper sheets and/or 1 paper coating formulations. It
1s equally implemented 1n plastics, paint coatings, concrete,
cement, cosmetic, water treatment and/or agriculture appli-
cations.

The most common methods for separating the mineral
and/or pigment, such as calcium carbonate-comprising
materials, and impurities such as silicates from one another
involve physical-chemical separations whereby the crude
mineral and/or pigment 1s first ground and then subjected to
froth flotation in an aqueous environment by employing a
means which selectively imparts hydrophobicity to the sili-
cate-comprising fractions of the ground material to enable
such components to be floated by association with a gas.
Another method selectively imparts hydrophobicity to the
mineral and/or pigment-comprising fractions of the ground
material to enable such components to be floated and/or
collected by a gas.

Means for separating the impurities from the mineral
and/or pigment, such as calcium carbonate-comprising
materials, are numerous and well known 1n the art, including,
U.S. Pat. No. 4,109,874, which refers to an apparatus for
processing ore by a combined milling, froth flotation and
s1ze classitying operation, wherein a milling chamber con-
tains elastomeric milling bodies situated between first and
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second screens. The milling chamber 1s provided with an
agitating means for vertical vibration of the milling bodies.
A first outlet on the milling chamber removes froth. A
second outlet below the first and lowermost screen removes
the coarser components.

CN 201423313 relates to a vertical grinding flotation
machine. The vertical grinding flotation machine 1s charac-
terized by including a cylinder body of the vertical grinding
flotation machine, an upper cover of the cylinder body, a
spraying plate arranged at the upper part of the cylinder
body, a foam collecting tank which adopts a coflerdam type
structure and 1s arranged on the outer wall at the upper part
of the cylinder body, a rotary device, a stirring shaft with a
stirring spiral at the lower half part, a beneficiation reagent
pipe, an inlet pipe, an emptying opening, a tailing discharge
pipe, labyrinth bodies of a labyrninth water seal device, a
water 1let pipe which 1s arranged at the bottom part of the
cylinder body of the vertical grinding flotation machine and
1s placed 1n the middle, a foam scraping plate which adopts
a paddle-type scraping plate and 1s fixed on the stirring shaft,
and an air inlet pipe arranged at the bottom part of the
cylinder body of the vertical grinding flotation machine.

CN 2497869 relates to a tower milling flotation machine
which 1s composed of a tower machine body, a mixing screw
body and a driving mechanism, wherein the driving mecha-
nism drives the mixing screw body through a mixing screw
axis. The tower milling flotation machine 1s characterized 1n
that the tower machine body 1s divided into an upper and a
lower part which are a floating region and a floating while
milling region, wherein the mixing screw body 1s arranged
in the floating while milling region which 1s filled with
milling medium; the upper part of the floating region 1s
provided with an overflow trough, and the middle part 1s
provided with an auxiliary floatation mixing impeller, and
the lower part 1s provided with a gathering tough and a
tailing ore removal opening.

CN 101757981 refers to a method and a device for
simultaneously carrying out the grinding and floatation
processes on ultrafine particles. An ultrasonic generating
device 1s arranged in an integral tlotation cell during the
orinding and floatation processes, so ultrasonic waves can be
generated by the ultrasonic generating device, to promote
the flotation of currently ground pulp.

CN 1401434 refers to a tower-type grinding floatation
machine for grinding and hydrosizing ore at same time 1s
composed of tower-type main body divided into upper
floatation region and lower grinding-hydrosizing region,
screw stirrer, and drive mechanism. Said lower grinding-
hydrosizing region contains screw stirrer and grinding
medium.

CA 2,059,713 refers to an apparatus for simultaneous
froth flotation and grinding of crude materials 1n continuous
or batch mode comprising a vessel for containing grinding
media, crude feed material to be ground and a flotation gas,
an agitation unit rotatably mounted in the vessel, a drive
means, connected to the agitation unit for rotating the unit to
agitate the grinding media, and the feed material to pulverize
the feed material into fine particles, and a discharge launder
for collecting a froth at the top of the vessel to recover the
fine particles with the froth.

However, the expert 1s still faced with the problem of
clliciently separating minerals and/or pigments and impuri-
ties selectively that allows high mineral and/or pigment
recovery.

Thus, there 1s still a need 1n the art to provide an apparatus
for simultaneous grinding and froth flotation of at least one
crude mineral and/or pigment and a process allowing a
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better performance than existing apparati and processes and
especially an apparatus and process allowing an ethicient
separation ol minerals and/or pigments and impurities. Thus,
it 1s also desired to provide an apparatus for simultaneous
orinding and froth flotation of at least one crude mineral
and/or pigment and a process allowing a high mineral and/or
pigment recovery. Furthermore, 1t 1s desired to provide an
apparatus for simultaneous grinding and froth flotation of at
least one crude mineral and/or pigment and a process
allowing a high mineral and/or pigment recovery at mini-
mized waste, and notably chemical waste. It 1s also desired
to provide an apparatus for simultaneous grinding and froth
flotation of at least one crude mineral and/or pigment
allowing for eflicient processing of high solids suspensions.
It 1s further desired to provide an apparatus for simultaneous
orinding and froth flotation of at least one crude mineral
and/or pigment and a process being time eflicient and
therefore also being energy ethicient.

It 1s thus an object of the present invention to provide an
apparatus for simultaneous grinding and froth flotation of at
least one crude mineral and/or pigment. It 1s a further object
of the present invention to provide a process for manufac-
turing at least one ground mineral and/or pigment which 1s
carried out 1n the apparatus. Another object may also be seen
in the provision of an apparatus for simultaneous grinding
and froth flotation of at least one crude mineral and/or
pigment which provides the eflicient separation of minerals
and/or pigments and impurities. A further object of the
present invention 1s to provide an apparatus for simultaneous
ogrinding and froth flotation of at least one crude mineral
and/or pigment and a process providing a high mineral
and/or pigment recovery. A still further object may be seen
in the provision of an apparatus for simultancous grinding
and froth flotation of at least one crude mineral and/or
pigment and a process providing a high mineral and/or
pigment recovery at minimized waste, and notably chemical
waste. Another object may also be seen 1n the provision of
an apparatus for simultaneous grinding and froth tlotation of
at least one crude mineral and/or pigment which allows the
ellicient processing of high solids suspensions. A still further
object may be seen in the provision of an apparatus for
simultaneous grinding and froth flotation of at least one
crude mineral and/or pigment and a process allowing a time
cllicient separation of minerals and/or pigments and 1impu-
rities and therefore 1s also energy eflicient.

The foregoing and other objectives are solved by an
apparatus for simultaneous grinding and froth flotation of at
least one crude mineral and/or pigment, the apparatus com-
Prising

a) a vessel (1) suitable for containing grinding media (2),

a flotation gas, a collector agent and at least one crude
mineral and/or pigment;

b) an agitation unit (3) rotatably mounted in vessel (1);

¢) dnnve means (4) connected to agitation unit (3) for

agitating the grinding media (2) and the at least one
crude mineral and/or pigment to grind the at least one
crude mineral and/or pigment into at least one ground
mineral and/or pigment;

d) a charge system (3) connected to vessel (1) comprising,

1. a crude mineral and/or pigment feed (5a).
11. a collector agent feed (5b), and
111. a tlotation gas inlet (3c¢);

¢) a discharge system (6) connected to vessel (1) com-

prising
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1. a sieve (6a) suitable for separating the froth from the
ground mineral and/or pigment,

11. a product collecting zone (65) suitable for collecting
the ground mineral and/or pigment,

111. a froth collecting zone (6c¢) and

1v. a froth redirecting zone (6d).

It should be understood that for the purposes of the
present invention, the following terms have the following
meaning;:

Where an indefinite or definite article 1s used when
referring to a singular noun, e.g., “a”, “an” or “the”, this
includes a plural of that noun unless anything else 1is
specifically stated.

Where the term “comprising” 1s used in the present
description and claims, it does not exclude other elements.
For the purposes of the present invention, the term *“con-
sisting ol 1s considered to be a preferred embodiment of the
term “comprising”’. If heremnafter a group 1s defined to
comprise at least a certain number of embodiments, this 1s
also to be understood to disclose a group, which preferably
consists only of these embodiments.

Terms like “obtainable” or “definable” and “obtained” or
“defined” are used interchangeably. This, for example,
means that, unless the context clearly dictates otherwise, the
term obtamed” does not mean to indicate that, for example,
an embodiment must be obtained by, e.g. the sequence of
steps following the term “obtained” though such a limited
understanding 1s always included by the terms “obtained™ or
“defined” as a preterred embodiment.

Advantageous embodiments of the present invention are
defined in the corresponding sub-claims.

According to one embodiment of the apparatus, the froth
collecting zone (6¢) comprises spraying nozzles (6¢1) and/or
the discharge system (6) comprises a discharge control valve
(6e) or a bypass with overflow (61) and/or the product
collecting zone (6) 1s ring-shaped and/or the froth collect-
ing zone (6c¢) 1s ring-shaped and/or the froth redirecting zone
(6d) 1s ring-shaped.

According to another embodiment of the apparatus, the
mineral and/or pigment feed (5a) 1s connected to the bottom
(7) of vessel (1), preterably to the centre (7a) of the bottom
(7) or to the side (7b) of the bottom (7), more preferably
tangential, most preferably the charge system (5) 1s con-
nected to the bottom (7) of vessel (1); and/or the crude
mineral and/or pigment feed (5a), the collector agent feed
(5b) and the flotation gas inlet (S¢) of the charge system (5)
are connected to each other such that the flotation gas,
preferably air, and the collector agent are fed together with
the at least one crude mineral and/or pigment 1 vessel (1).

According to yet another embodiment of the apparatus,
the at least one crude mineral and/or pigment has/have a
welght median particle diameter d., 1 the range from 20.0
to 500.0 um and the grinding media (2) have a bulk density
in the range from 1.5 to 6.0 kg/dm°, preferably in the range
from 2.0 to 5.0 kg/dm> and more preferably in the range
from 2.2 to 4.0 keg/dm’; and/or the grinding media (2) have
a weight median particle diameter d<, 1n the range from 0.2
to 5.0 mm, preferably in the range from 1.0 to 4.5 mm and
more preferably 1n the range from 2.4 to 4.0 mm or the
apparatus 1s for grinding and froth flotation of at least one
crude mineral and/or pigment having a weight median
particle diameter d., 1n the range from 0.5 to 20.0 um and
the grinding media (2) have a bulk density in the range from
1.5 to 6.0 kg/dm”, preferably in the range from 2.0 to 4.5
kg/dm> and more preferably in the range from 2.5 to 3.0
kg/dm>; and/or the grinding media (2) have a weight median
particle diameter d., in the range from 0.2 to 5.0 mm,
preferably i the range from 0.3 to 4.0 mm and more

preferably 1n the range from 0.4 to 3.0 mm.
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According to another aspect of the present invention, a
process carried out in said apparatus for manufacturing at
least one ground mineral and/or pigment 1s provided. The
process comprising the steps of

I. providing at least one crude mineral and/or pigment,
egrinding media (2) and at least one collector agent 1n
vessel (1);

II. mixing the at least one crude mineral and/or pigment,
the grinding media (2) and the at least one collector
agent as provided in step I. with water to form an
aqueous suspension;

III. passing a flotation gas through flotation gas inlet (5¢)
into the aqueous suspension formed in step II. and
agitating the obtained aqueous suspension by using
agitation unit (3) to transform the at least one crude
mineral and/or pigment 1nto at least one ground mineral
and/or pigment and obtaining thereby a ground mineral
and/or pigment bearing phase and a froth;

IV. recovering the at least one ground mineral and/or
pigment by removing the ground mineral and/or pig-
ment bearing phase from the froth obtained 1n step III.

According to one embodiment of the process, the process
involves a direct or an indirect tlotation step leading to the
formation of a froth containing the floated phase and a slurry
bearing phase with the remaining ground mineral and/or
pigment.

According to another embodiment of the process, at least
one dispersing agent 1s added before or during step III.
and/or the at least one crude mineral and/or pigment com-
prises at least one dispersing agent.

According to yet another embodiment of the process, the
at least one dispersing agent 1s selected from the group
consisting of sodium, potassium, calcium, magnesium,
lithium, stronttum, primary amine, secondary amine, tertiary
amine and/or ammonium salts, whereby the amine salts are
linear or cyclic, of at least partly neutralized homopolymers
or copolymers of (meth)acrylic acid, maleic acid, fumaric
acid, 1itaconic acid and derivatives of these acids like esters,
or amides, such as methylmethacrylate, methylacrylate,
acrylamide, sodium hydrogen phosphate or polyphosphates
such as alkalipolyphosphates, carboxymethylcellulose, ste-
ric dispersants, comb polymers and/or mixtures thereof,
preferably sodium polyacrylate having a molecular weight
M. of from 4 000 to 10 000 g/mol, preterably from 4 000
to 8 000 g/mol and most preferably of about 6 000 g/mol;
and/or the at least one collector agent 15 selected from the
group consisting of surface active and hydrophobic tensides,
preferably xanthate or thio phosphates, oleic acids, alkyl
sulphates, polyalkylenimines, primary amines, tertiary ami-
nes, quaternary amines, fatty amines, esterquats, polyester-
quats, imidazolines or quaternary imidazolium compounds,
preferably quaternary 1midazolium methosulphates as
described in WO 2008/084391 Al, or compounds of formula
(1) and (2) as defined below and mixtures of these com-
pounds and described in WO 2014/029634 Al and/or mix-
tures thereot; and/or the content of the at least one dispersing
agent 1s 1n the range from 0.1 to 1.0 wt.-% based on the total
weight of the at least one crude mineral and/or pigment in
the aqueous suspension, preferably from 0.2 to 0.6 wt.-%
based on the total weight of the at least one crude mineral
and/or pigment in the aqueous suspension and more prefer-
ably 1n the range from 0.3 to 0.5 wt.-% based on the total
weilght of the at least one crude mineral and/or pigment in
the aqueous suspension; and/or the content of the at least one
collector agent 1s 1n the range from 0.001 to 5.0 wt.-% based
on the total weight of the at least one crude mineral and/or
pigment 1n the aqueous suspension as provided 1n step 1I.,
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preferably from 0.05 to 0.8 wt.-% based on the total weight
of the at least one crude mineral and/or pigment in the
aqueous suspension as provided in step II. and most pret-
erably 1n the range from 0.02 to 0.1 wt.-%, based on the total
weight of the at least one crude mineral and/or pigment in
the aqueous suspension as provided 1n step II; preferably the
at least one dispersing agent 1s negatively charged and/or the
at least one collector agent 1s non-1onic.
Compounds of Formula (1)

(1)

/(E3)n2— H
Rl _ﬁ T_ Alﬁ? N\
B Ede—H
|
H )
wherein

R, represents a hydrocarbon group containing from 6 to
30 carbon atoms,

A, represents an alkylene group having from 1 to 6 carbon
atoms,

E,, E, and E,, are 1dentical or different from each other,
cach independently chosen from among alkylene oxide
groups containing from 1 to 6 carbon atoms,

n,, n, and n,, are identical or different from each other,

cach imndependently chosen from an integer which value 1s
from 1 to 20,

pis1, 2,3 or4.

Compounds of Formula (2)

(2)
Ro)
Rzl_ﬁ_ﬁT_AzﬂgN\
O R24 R23 .
wherein

R, represents a hydrocarbon group containing from 6 to
30 carbon atoms, R, and R, are identical or diflerent from
cach other, each imndependently chosen from among hydro-
carbon groups containing from 1 to 6 carbon atoms, R,
represents hydrogen or a hydrocarbon group contaiming
from 1 to 6 carbon atoms, A, represents an alkylene group
having from 1 to 6 carbon atoms, and q 1s 1, 2, 3 or 4.

According to one embodiment of the process, the mill
diameter 1s 1 the range from 200 to 750 mm and the
agitation unit 1s adjusted to a shaft speed of 150 to 400 rpm
or the mill diameter 1s 1n the range from 751 to 1 250 mm
and the agitation unit 1s adjusted to a shaft speed of 125 to
350 rpm or the mill diameter is in the range from 1 251 to
1 750 mm and the agitation unit 1s adjusted to a shatt speed
of 100 to 300 rpm.

According to another embodiment of the process, the
solid content, 1.e. the content of the at least one crude
mineral and/or pigment, of the aqueous suspension as pro-
vided 1n step II. 1s between 5.0 and 80.0 wt.-%, based on the
total weight of the at least one crude mineral and/or pigment
in the aqueous suspension as provided 1n step 11., preferably
between 10.0 and 75.0 wt.-%, based on the total weight of
the at least one crude mineral and/or pigment in the aqueous
suspension as provided 1n step II., more preferably between
20.0 and 70.0 wt.-%, based on the total weight of the at least
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one crude mineral and/or pigment 1n the aqueous suspension
as provided 1n step 11., and most preferably between 30.0 and
55.0 wt.-%, based on the total weight of the at least one
crude mineral and/or pigment 1n the aqueous suspension as
provided in step II. For a crude mineral and/or pigment
having a weight median particle size in the range of 20.0 to
500.0 pm, the total weight of the at least one crude mineral
and/or pigment 1n the aqueous suspension as provided in
step 11 1s preferably between 25.0 to 65.0 wt.-%. For a crude
mineral and/or pigment having a weight median particle size
in the range of 0.5 to 20.0 pm, the total weight of the at least
one crude mineral and/or pigment 1n the aqueous suspension
as provided 1n step II 1s preferably between 40.0 to 80.0
wt.-%.
According to yet another embodiment of the process, the
at least one crude mineral and/or pigment provided 1n step
I. 1s a crude white pigment containing material, wherein the
white pigment 1s preferably selected from the group con-
sisting of calcium carbonate-comprising materials, barite,
aluminium oxide, titanium oxide and mixtures thereot, and
1s most preferably natural calcium carbonate, preferably the
content of the white pigment 1n the crude white pigment
containing material 1s from 0.1 to 99.9 wt.-%, based on dry
weight, preferably from 30.0 to 99.7 wt.-%, based on the dry
weight, more preferably from 60.0 to 99.3 wt.-%, based on
the dry weight and most preferably from 80.0 to 99.0 wt.-%,
based on the dry weight.
According to one embodiment of the process, the crude
white pigment contaiming material comprises impurities
selected from the group consisting of ron sulphides; iron
oxides; silicates preferably a quartz, a mica, an amphibolite,
a feldspar, a clay mineral and or mixtures thereof; graphite
and mixtures thereof; and/or the weight ratio of white
pigment to impurities in the crude white pigment contaiming,
material (white pigment: impurities) 1s from 0.1:99.9 to
99.9:0.1 based on the dry weight, preferably from 30:70 to
99.7:0.3 based on the dry weight, more preferably from
60:40 to 99.3:0.7 based on the dry weight, and most prei-
erably from 80:20 to 99:1 based on the dry weight.
According to another embodiment of the process, one or
more additives selected from the group consisting of pH-
adjusting agents, solvents, and/or polyelectrolytes are added
before step IV., preferably the content of these additives 1s
in the range from 0.0005 to 1.0 wt.-%, based on the total
weight of the at least one ground mineral and/or pigment in
the aqueous suspension, more preferably from 0.001 to 0.5
wt.-%, based on the total weight of the at least one ground
mineral and/or pigment in the aqueous suspension and most
preferably in the range from 0.001 to 0.1, wt.-% based on the
total weight of the at least one ground mineral and/or
pigment 1n the aqueous suspension.
According to yet another embodiment of the process, the
process further comprises the steps of
V. dewatering and optionally drying the ground mineral
and/or pigment bearing phase obtained in step IV. to
remove at least a portion of water to obtain a partially
dewatered ground mineral and/or pigment or to obtain
a dried ground mineral and/or pigment;

V1. treating the partially dewatered and/or dried ground
mineral and/or pigment obtained after dewatering step
V. with at least one dispersing agent and re-dilute 1t to
obtain an aqueous suspension comprising a dispersed
ground mineral and/or pigment, and/or

VII. treating the partially dewatered and/or dried ground

mineral and/or pigment before or after dewatering or
drying step V. with at least one saturated aliphatic linear
or branched carboxylic acid and/or with at least one
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mono-substituted succinic anhydride and/or at least one
mono-substituted succinic acid and/or salty reaction
product(s) and/or with at least one phosphoric acid
ester blend of one or more phosphoric acid mono-ester
and/or reaction products thereolf and one or more
phosphoric acid di-ester and/or reaction products
thereof to obtain a hydrophobized ground mineral
and/or pigment.

According to a further aspect, the use of the ground
mineral and/or pigment bearing phase obtainable by said
process 1 paper applications 1s provided. According to a still
turther aspect, the use of the ground mineral and/or pigment
bearing phase obtainable by said process 1n paper, plastics,
paints, coatings, concrete, adhesives, sealants, food, feed,
pharma, cement, cosmetic, water treatment and/or agricul-
ture applications 1s provided, preferably 1n a wet end process
ol a paper machine, 1n cigarette paper, board, and/or coating
applications, or as support for rotogravure and/or oflset
and/or 1k jet printing and/or continuous 1nk jet printing
and/or flexography and/or electrophotography and/or deco-
ration surfaces. According to another aspect, the ground
mineral and/or pigment bearing phase or the ground mineral
and/or pigment obtainable by said process 1s provided.

The present invention will be described 1n the following
with respect to particular embodiments and with reference to
certain figures but the mvention 1s not limited thereto but
only by the claims. Terms as set forth heremafter are
generally to be understood in their common sense unless
indicated otherwise.

BRIEF DESCRIPTION OF THE FIGURES

The accompanying figures show three illustrative pre-
terred embodiments of the apparatus of the invention:

FIG. 1 1s a longitudinal sectional view showing one
embodiment of the apparatus in accordance with the inven-
tion of an apparatus for simultaneous grinding and froth
flotation of at least one crude mineral and/or pigment. The
apparatus further comprises an aqueous suspension vortex
(8) as well as a froth vortex (9).

FIG. 2 1s a longitudinal sectional view showing one
embodiment of the apparatus in accordance with the inven-
tion ol an apparatus for simultaneous grinding and froth
flotation of at least one crude mineral and/or pigment.

FIG. 3 1s a longitudinal sectional view showing one
embodiment of the discharge system (6) being connected to
the vessel (1) of the apparatus for simultaneous grinding and
froth flotation of at least one crude mineral and/or pigment.

LIST OF REFERENCE SIGNS

(1) vessel

(2) grinding media

(3) agitation unit

(4) drive

(5) charge system

(5a) crude mineral and/or pigment feed
(5b6) collector agent feed
(5¢) tlotation gas inlet

(6) discharge system

(6a) sicve

(6b) product collecting zone
(6¢) troth collecting zone
(6d) froth redirecting zone
(6c1) spraying nozzles

(6¢) discharge control valve
(607) bypass with overtlow
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(7) bottom

(7a) centre of the bottom

(7b) side of the bottom

(8) aqueous suspension vortex

(9) froth vortex

The present mvention 1s now described in more detail:

The Apparatus

The apparatus for simultaneous grinding and froth tlota-
tion of at least one crude mineral and/or pigment in accor-
dance with FIGS. 1 and 2 comprises

a) a vessel (1) suitable for containing grinding media (2),

a flotation gas, a collector agent and at least one crude
mineral and/or pigment;

b) an agitation unit (3) rotatably mounted 1n vessel (1);

¢) dnve means (4) connected to agitation unit (3) for

agitating the grinding media (2) and the at least one
crude mineral and/or pigment to grind the at least one
crude mineral and/or pigment into at least one ground
mineral and/or pigment;

d) a charge system (5) connected to vessel (1) comprising

1. a crude mineral and/or pigment feed (3a),

11. a collector agent feed (5b), and

111. a tlotation gas inlet (3c¢);

¢) a discharge system (6) connected to vessel (1) com-

prising

1. a sieve (6a) suitable for separating the froth from the
ground mineral and/or pigment,

11. a product collecting zone (65) suitable for collecting
the ground mineral and/or pigment,

111. a froth collecting zone (6c¢) and

1v. a froth redirecting zone (6d).

The apparatus of the present invention 1s applicable to the
simultaneous grinding and froth flotation of any crude
mineral and/or pigment.

The term “crude” in the meaning of present imvention
refers to a material comprising the mineral and/or pigment
and 1mpurities.

The vessel (1) may be any kind of device well known to
the man skilled in the art and typically used for agitating
agitation means for transforming at least one crude mineral
and/or pigment into at least one ground mineral and/or
pigment and obtaining thereby a ground mineral and/or
pigment bearing phase and a froth.

Thus, the vessel (1) suitable for containing grinding
media (2), a flotation gas, a collector agent and at least one
crude mineral and/or pigment 1s preferably a grinding vessel
(1).

In one embodiment of the present invention, the vessel (1)
1s any kind of grinding vessel (1). For example, the vessel
(1) may be any conventional grinding vessel in which
refinement predominantly results from 1mpacts with a sec-
ondary body, e.g., stirred ball mill, a centrifugal impact mill,
an attrition mill, or other such equipment known to the
skilled person.

The vessel (1) 1s preferably vertical. However, a horizon-
tal vessel 1s also possible.

In one embodiment, the vessel (1) 1s a stirred ball miall.
Additionally or alternatively, the vessel (1) has a grinding
volume ranging from 1 1 to 1 000 kl, wherein the diameter:
height ratio 1s ranging from 1 to 100, preferably from 2 to
20, more preferably from 3 to 10.

It 1s to be noted that the inside of vessel (1) 1s preferably
cylindrical. However, 1t 1s to be noted that the periphery of
vessel (1) can be other than cylindrical, and can especially
be of a conical or double-conical configuration.

In one embodiment, the temperature 1n vessel (1) 1s from
5 to 130° C. The choice of the temperature highly depends
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on the choice of the at least one collector agent. When for
example tertiary amines are used as the at least one collector
agent the temperature 1s preferably between 80 and 100° C.
and more preferably between 85 and 95° C. When esterquats
are used as the at least one collector agent the temperature
1s preferably between 20 and 50° C. and more preferably
between 30 and 40° C.

The apparatus further comprises an agitation unit (3)
rotatably mounted 1n vessel (1). Preferably, the agitation unit
(3) 1s rotatably mounted 1n the centre of vessel (1) by means
of suitable bearings. In one embodiment, the agitation unit
(3) consists essentially of a stirring shait on which prefer-
ably annular disks are mounted at uniform distances apart.
The annular disks preferably have openings in their radially
interior area for the escape of water vapour that may be
formed.

The annular disks on the stirring shatt divide the vessel (1)
into a number of sections or chambers which, however, are
connected to one another at their radially outer area. The
suspension ol minerals and/or pigments to be ground must
thus flow around these annular disks on a more or less
meandering course from the inlet side to the outlet side, so
that the intensity of the grinding action 1s at virtually the
same level for all particles. In this manner a higher product
quality 1s achieved.

Furthermore, a drive means (4) 1s provided. The drive
means (4) 1s connected to agitation unit (3) for agitating the
egrinding media (2) and the at least one crude mineral and/or
pigment to grind the at least one crude mineral and/or
pigment mto at least one ground mineral and/or pigment.
Preferably, the drive means (4) 1s connected to the stirring
shaft directly or preferably through a gear box, of agitation
unit (3) for rotating or driving the stirring shatt.

The mineral and/or pigment to be ground 1s pumped 1nto
the apparatus through a charge system (5) which 1s station-
ary and reaches through a bore the way into the area of
vessel (1). In one embodiment, the mineral and/or pigment
to be ground 1s pumped into the apparatus through the
charge system (5) via a suitable pump. Preferably, the
necessary amount of grinding media (2) has previously been
put 1nto vessel (1).

The apparatus thus further comprises a charge system (5)
connected to vessel (1). The charge system (5) comprises 1.
a crude mineral and/or pigment feed (5a), 1. a collector
agent feed (5b), and 111. a flotation gas 1nlet (3c¢).

Preferably, the mineral and/or pigment feed (3a) 1s con-
nected to the lower half, more preferably lower third and
most preferably lower quarter, of vessel (1). In one embodi-
ment of the present invention, the mineral and/or pigment
teed (5a) 1s connected to the bottom (7) of vessel (1).

In one embodiment, the mineral and/or pigment feed (5a)
1s connected to the centre (7a) of the bottom (7). In an
alternative embodiment, the mineral and/or pigment feed
(5a) 1s connected to the side (75) of the bottom (7), 1.e. in the
lower half, more preferably the lower third and most pret-
erably the lower quarter. For example, the mineral and/or
pigment feed (Sa) 1s connected tangential to vessel (1).

Preferably, the crude mineral and/or pigment feed (5a),
the collector agent feed (556) and the flotation gas nlet (5¢)
of the charge system (35) are connected to each other such
that the flotation gas, preferably air, and the collector agent
are Ted together with the at least one crude mineral and/or
pigment 1 vessel (1). In this case, 1t 1s preferred that the
charge system (3) 1s connected to the bottom (7) of vessel
(1), preferably the lower half, more preferably lower third
and most preferably lower quarter of vessel (1). Preferably,
the charge system (35) 1s connected to the centre (7a) of the
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bottom (7). In an alternative embodiment, the charge system
(5) 1s connected to the side (75) of the bottom (7), 1.e. 1n the
lower half, more preferably the lower third and most pret-
erably the lower quarter. For example, the charge system (5)
1s connected tangential to vessel (1).

At the opposite end of the apparatus, there 1s a discharge
system (6) connected to vessel (1) (see also FIG. 3). The
discharge system (6) comprises 1. a sieve (6a), 11. a product
collecting zone (6b) suitable for collecting the ground min-
eral and/or pigment, 111. a froth collecting zone (6¢) and 1v.
a froth redirecting zone (6d).

It 1s one requirement of the instant mnvention that the sieve
(6a) 1s suitable for separating the froth from the ground
mineral and/or pigment.

Thus, the sieve (6a) may be any kind of device well
known to the man skilled 1n the art and according to present
invention 1s used for separating froth from ground minerals
and/or pigments.

The sieve (6a) preferably has opening sizes 1n the range
from 0.1 mm to 5.0 mm, more preferably in the range from
0.5 mm to 3.0 mm.

In one embodiment of the present invention, the sieve (6a)
1s any kind of sieve (6a). For example, the sieve (6a) may
be any conventional sieve (6a), e.g. a screen, a mesh sieve,
a sand metal sheet, or other such equipment known to the
skilled person.

In one embodiment, the sieve (6a) 1s a vertical circum-
terential discharge screen being mounted on top of vessel
(1), preferably centred on vessel (1).

As already mentioned, the sieve (6a) separates the froth
from the ground minerals and/or pigments. Furthermore, the
sieve (6a) prevents that the grinding media 1s discharged to
the ground mineral and/or pigment. It 1s appreciated that the
sieve (6a) 1s adjusted such that the ground mineral and/or
pigment 1s directed to a product collecting zone (65) and the
froth 1s directed to a froth collecting zone (6¢).

Thus, the discharge system (6) further comprises a prod-
uct collecting zone (6b) being suitable for collecting the
ground mineral and/or pigment.

It 1s appreciated that the product collecting zone (6b) 1s
connected to sieve (6a).

Preferably, the product collecting zone (6b) 1s ring-
shaped.

In one embodiment of the present invention, the product
collecting zone (6b), preferably the ring-shaped product
collecting zone (6b), 1s arranged around the circumierence
of sieve (6a).

Thus, the diameter of the product collecting zone (65),
preferably the ring-shaped product collecting zone (65), 1s at
cach point of the product collecting zone (65) higher than the
diameter of sieve (6a).

Further, the discharge system (6) comprises a froth col-
lecting zone (6¢) being suitable for collecting the froth.

It 1s appreciated that the froth collecting zone (6¢) 1s
connected to sieve (6a) and/or product collecting zone (65).
In one embodiment, the froth collecting zone (6¢) 1s con-
nected to sieve (6a) and product collecting zone (65).

Preferably, the froth collecting zone (6c¢) 1s ring-shaped.

In one embodiment of the present invention, the froth
collecting zone (6¢), preferably the ring-shaped froth col-
lecting zone (6¢), 1s arranged on top of sieve (6a) and
product collecting zone (65).

If the product collecting zone (65) and the froth collecting
zone (6c¢) are ring-shaped, the ring-shaped product collect-
ing zone (6b) and the ring-shaped froth collecting zone (6¢)
are preferably of the same circumierence.
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In one embodiment of the present invention, the froth
collecting zone (6¢) comprises spraying nozzles (6¢1). Pret-
crably, the froth collecting zone (6¢) comprises at least two
spraying nozzles (6¢c1), more preferably at least three spray-
ing nozzles (6¢c1). In one embodiment, the froth collecting
zone (6¢) comprises two or three spraying nozzles (6c1).
The spraying nozzles (6¢c1) are especially suitable for wet-
ting the collected froth with water for reducing 1ts volume
and transporting the froth out of the froth collecting zone
(6¢).

The discharge system (6) further comprises a froth redi-
recting zone (6d). It 1s appreciated that the froth collected n
the froth collecting zone (6¢) can be redirected through
agitation unit (3).

Thus, the froth redirecting zone (6d) 1s preferably
arranged on top of sieve (6a) and product collecting zone
(65). Additionally or alternatively, the froth redirecting zone
(6d) 1s arranged around the circumierence of the stirring
shaft of agitation unit (3).

Preferably, the froth redirecting zone (6d) 1s ring-shaped.

For discharging the ground mineral and/or pigment bear-
ing phase collected 1 product collecting zone (6b), the
discharge system (6) may further comprises a discharge
control valve (6¢) or a bypass with overtlow (6f). Preferably,
the discharge system (6) comprises a bypass with overtlow
(67).

In addition to the agitation unit (3), the vessel (1) turther
comprises grinding media (2). As grinding media (2), the
vessel (1) can comprise any kind of grinding means known
to the skilled person and typically used for grinding, ¢.g. wet
egrinding, minerals and/or pigments.

In particular, any kind of grinding media 1s suitable that
1s wear resistant under typical conditions used for wet
orinding, especially under neutral to alkaline conditions
(more precisely at a pH of 6 or above, preferably at a pH
between 6 and 13 and more preferably at a pH between 6 and
11) and/or at temperatures above 5° C. (more precisely at a
temperature between 5 and 130° C.). The choice of the
temperature highly depends on the choice of the at least one
collector agent. When for example tertiary amines are used
as the at least one collector agent the temperature 1s prei-
erably between 80 and 100° C. and more preferably between
85 and 95° C. When esterquats are used as the at least one
collector agent the temperature 1s preferably between 20 and
50° C. and more preferably between 30 and 40° C.

In one embodiment of the present invention, the grinding
media (2) are moving beads, preferably moving beads of
regular shape. In this regard, 1t 1s appreciated that the
erinding media being present 1n the vessel (1) have a weight
median particle diameter d., of from 0.2 um to 5.0 pm
and/or a bulk density in the range from 1.5 to 6.0 kg/dm".
For example, the grinding media (2) being present in the
vessel (1) have a weight median particle diameter d., of
from 1.0 mm to 4.5 mm and a bulk density in the range from
2.0t0 5.0 kg/dm” for a crude mineral and/or pigment having
a weight median diameter d., 1n the range from 20.0 to 500.0
um or the grinding media (2) being present 1n the vessel (1)
have a weight median particle diameter d., of from 2.4 mm
to 4.0 mm and a bulk density in the range from 2.2 to 4.0
kg/dm” for a crude mineral and/or pigment having a weight
median diameter d., in the range from 20.0 to 500.0 um.
Alternatively, the grinding media (2) being present 1n the
vessel (1) have a weight median particle diameter d., of
from 0.3 mm to 4.0 mm and a bulk density in the range from
2.0 to 4.5 kg/dm” for a crude mineral and/or pigment having
a weight median diameter d., 1n the range from 0.5 to 20.0
pm or the grinding media (2) being present 1n the vessel (1)
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have a weight median particle diameter d., of from 0.4 mm
to 3.0 mm and a bulk density in the range from 2.5 to 3.0
kg/dm" for a crude mineral and/or pigment having a weight
median diameter d., 1n the range from 0.5 to 20.0 um.

In one embodiment, the instant apparatus can be used for
orinding and froth flotation of at least one crude mineral
and/or pigment having a broad particle size distribution, e.g.
a weight median particle diameter d., 1n the range from 20.0
to 500.0 um. In this case, the at least one crude mineral
and/or pigment to be ground 1n the 1instant apparatus having
a weight median particle diameter d., 1n the range from 20.0
to 500.0 um 1s pretferably used 1n combination with grinding,
media (2) having a bulk density 1n the range from 1.5 to 6.0
kg/dm>, preferably in the range from 2.0 to 5.0 kg/dm"> and
more preferably in the range from 2.2 to 4.0 kg/dm’.
Additionally or alternatively, the grinding media (2) have a
weight median particle diameter d., 1n the range from 0.2 to
5.0 mm, preferably in the range from 1.0 to 4.5 mm and
more preferably in the range from 2.4 to 4.0 mm.

In an alternative embodiment, the instant apparatus can be
used for grinding and froth flotation of at least one crude
mineral and/or pigment having a small particle size distri-
bution, e.g. a weight median particle diameter d., in the
range from 0.5 to 20.0 um. In this case, the at least one crude
mineral and/or pigment to be ground 1n the instant apparatus
having a weight median particle diameter d., 1n the range
from 0.5 to 20.0 um 1s preferably used 1n combination with
erinding media (2) having a bulk density in the range from
1.5 to 6.0 kg/dm”’, preferably in the range from 2.0 to 4.5
kg/dm> and more preferably in the range from 2.5 to 3.0
kg/dm>. Additionally or alternatively, the grinding media (2)
have a weight median particle diameter d., in the range from
0.2 to 5.0 mm, preferably in the range from 0.3 to 4.0 mm
and more preferably in the range from 0.4 to 3.0 mm.

Throughout the present application, the particle diameter
ol a material 1s described by its distribution of particle sizes.
The value d, represents the diameter relative to which x %
by weight of the particles have diameters less than d_. This
means that the d,, value 1s the particle size at which 20
wt.-% of all particles are smaller, and the d.. value 1s the
particle size at which 75 wt.-% of all particles are smaller.
The d, value 1s thus the weight median particle diameter at
which 350 wt.-% of all grains are bigger whilst the remaining
50 wt.-% are smaller than this particle diameter. The dgq
value (also referred to as the “topcut”) i1s the particle
diameter at which 98 wt.-% of all particles are smaller than
the indicated value. For the purpose of the present invention
the particle size 1s specified as weight median particle

diameter d., unless indicated otherwise. Unless indicated
otherwise, the particle diameter of a material 1s measured by
using a CILAS 920 particle-size-analyser of CILAS,
Orleans, France. The particle size distribution 1s determined
in volume-% (vol.-%), but for materials which have a
constant density throughout the particle size range, wt.-%
and vol.-% are equivalent.

The grinding media (2) are preferably made of a matenal
differing from the ground mineral and/or pigment. In this
case, the matenal of the grinding media (2) may be selected
independently from the maternial of the ground mineral
and/or pigment.

Accordingly, 1t 1s appreciated that the grinding media (2)
are made of a material selected from the group comprising
quartz sand, glass, porcelain, zirconium oxide, zirconium
silicate, 1ron, stainless steel and mixtures thereof, optionally
comprising minor quantities of further minerals.
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Process Carried Out 1n the Apparatus

The mventors surprisingly found that the process of the
present mvention carried out in the apparatus according to
the instant invention provides the eflicient separation of
minerals and/or pigments and impurities and thus a high
mineral and/or pigment recovery.

Thus, a process carried out 1n the instant apparatus for
manufacturing at least one ground mineral and/or pigment 1s
provided. The process comprises the steps of

I. providing at least one crude mineral and/or pigment,
ogrinding media (2) and a collector agent 1n vessel (1);

II. mixing the at least one crude mineral and/or pigment,
the grinding media (2) and the collector agent as
provided 1n step 1. with water to form an aqueous
suspension;

I1I. passing a flotation gas through flotation gas inlet (5¢)
into the aqueous suspension formed 1n step II. and
agitating the obtained aqueous suspension by using
agitation unit (3) to transform the at least one crude
mineral and/or pigment 1nto at least one ground mineral
and/or pigment and obtaining thereby a ground mineral
and/or pigment bearing phase and a froth;

IV. recovering the at least one ground mineral and/or
pigment by removing the ground mineral and/or pig-
ment bearing phase from the froth obtained 1n step III.

With regard to the definition of the apparatus and pre-
ferred embodiments thereolf, reference 1s made to the state-
ments provided above when discussing the technical details
of the apparatus of the present invention.

Step 1. of the instant process requires the provision of at
least one crude mineral and/or pigment, grinding media (2)
and a collector agent 1n vessel (1).

The term “at least one” crude mineral and/or pigment 1n
the meaning of the present invention means that the crude
mineral and/or pigment comprises, preferably consists of,
one or more crude minerals and/or pigments.

In one embodiment of the present invention, the at least
one crude mineral and/or pigment comprises, preferably
consists of, one crude mineral or pigment. Alternatively, the
at least one crude mineral and/or pigment comprises, prei-
erably consists of, two or more crude minerals and/or
pigments. For example, the at least one crude mineral and/or
pigment comprises, preferably consists of, two or three
crude minerals and/or pigments.

Preferably, the at least one crude mineral and/or pigment
comprises, more preferably consists of, one crude mineral or
pigment.

In one embodiment, at least one crude mineral and/or
pigment provided in step I. 1s a crude white pigment
containing material. Preferably, the white pigment 1is
selected from the group consisting of calcium carbonate-
comprising materials, barite, aluminium oxide, titanium
oxide and mixtures thereof, and 1s most preferably natural
calcium carbonate.

The term “calcium carbonate-comprising material” refers
to a material comprising at least 50.0 wt.-% calcium car-
bonate, based on the total dry weight of the calcium car-
bonate-comprising material.

The calcium carbonate-comprising materials may be
natural calcium carbonate or a mixture of calcium carbonate
and magnestum carbonate.

Calcium magnesium carbonates are, for example, dolo-
mite.

The natural calcium carbonate may feature, e.g. one or
more ol marble, limestone and/or chalk, more preferably
marble.




US 11,413,622 B2

15

In one embodiment, the crude white pigment containing,
material comprises a mixture of calcium carbonate and
dolomute.

In one embodiment, the content of the white pigment in
the crude white pigment contaiming material 1s from 0.1 to
99.9 wt.-%, preferably from 30.0 to 99.7 wt.-%, more
preferably from 60.0 to 99.3 wt.-%, and most preferably
from 80.0 to 99.0 wt.-%, based on the dry weight, preferably
based on the total dry weight of the crude white pigment
containing material.

In addition to the white pigment, the crude white pigment
containing material comprises impurities selected from the
group consisting of 1ron sulphides; iron oxides; silicates
preferably a quartz, a mica, an amphibolite, an feldspar, a
clay mineral and or mixtures thereof; graphite and mixtures
thereof.

Additionally or alternatively, the crude white pigment
containing material comprises the white pigment to 1mpu-
rities 1n a specific weight ratio.

For example, the weight ratio of white pigment to 1mpu-
rities 1n the crude white pigment containing material (white

pigment : impurities) 1s from 0.1:99.9 to 99.9:0.1, preferably
from 30:70 to 99.7:0.3, more preferably from 60:40 to
99.3:0.7, and most preferably from 80:20 to 99:1, based on
the dry weight.

The at least one crude mineral and/or pigment may have
a large particle size distribution, e.g. a weight median
particle diameter d., in the range from 20.0 to 500.0 um. In
one embodiment, the at least one crude mineral and/or
pigment has a small particle size distribution, e.g. a weight
median particle diameter d., 1n the range from 0.5 to 20.0
L.

The most common methods for separating minerals and/
or pigments, such as calcium carbonate, and impurities from
one another involve physical separations whereby the crude
mineral and/or pigment 1s first ground and then subjected to
froth flotation in an aqueous environment by employing a
means which selectively imparts hydrophobicity to the
impurity fractions of the ground material to enable such
components to be floated by association with a gas. Another
method selectively imparts hydrophobicity to mineral and/or
pigment-fractions of the ground matenial to enable such
components to be tloated and/or collected by a gas. In the
present invention, the mineral and/or pigment and impurity
fractions are separated by floating the impurity fraction,
which 1s then collected, and recovering the non-floated
ground mineral and/or pigment fraction of the mineral
and/or pigment material.

The process of present mvention allows flotation of
freshly formed surfaces, this means tlotation of the impuri-
ties occurs directly after their exposure. The impurities are
transported 1mmediately out of the grinding zone and
migrate into the froth vortex. Unwanted comminution of the
impurities which would result 1n the consumption of larger
amounts of collector agents 1n view of bigger surfaces is
avoided. Of course the apparatus according to the present
invention 1s also suitable for carrying out grinding and
flotation consecutive or for carrying out only one of these
steps. These alternative processes do not achieve above-
mentioned benefits.

The at least one collector agent used for imparting hydro-
phobicity to the impurity fractions may be any means known
to the skilled person.

The term “at least one” collector agent in the meaning of
the present imvention means that the collector agent com-
prises, preferably consists of, one or more collector agents.
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In one embodiment of the present invention, the at least
one collector agent comprises, preferably consists of, one
collector agent. Alternatively, the at least one collector agent
comprises, preferably consists of, two or more collector
agents. For example, the at least one collector agent com-
prises, preferably consists of, two or three collector agents.

Preferably, the at least one collector agent comprises,
more preferably consists of, one collector agent.

For example, the at least one collector agent 1s selected
from the group consisting of surface active and hydrophobic
tensides, preferably xanthate or thio phosphates; oleic acids,
alkyl sulphates, polyalkylenimines, primary amines, tertiary
amines, quaternary amines, fatty amines, esterquats, poly-
esterquats, 1midazolines or quaternary imidazolium com-
pounds preferably quaternary imidazolium methosulphates,
or compounds of formula (1) and (2) as defined above and/or
mixtures thereof. Preferably the at least one collector agent
1s selected from esterquats and tertiary amines. In one
embodiment, the at least one collector agent 1s non-1onic.

According to step II. of the instant process, the at least one
crude mineral and/or pigment, the grinding media (2) and
the at least one collector agent as provided in step I. are
mixed with water to form an aqueous suspension.

The aqueous suspension formed 1n step II. preferably has
a pH of between 7 and 10.

Preferably, the grinding media (2) have previously been
put 1nto vessel (1).

In one embodiment, said at least one crude mineral and/or
pigment 1s 1n a dry state and 1s contacted with said at least
one collector agent prior forming the aqueous suspension
(no, first formation of pigment slurry and subsequent addi-
tion of collector agent 1s preferred). Thus, an aqueous
suspension of said at least one crude mineral and/or pigment
and said at least one collector agent 1s charged 1nto vessel (1)
to the grinding media (2).

In an alternative embodiment, said at least one crude
mineral and/or pigment 1s first introduced in an aqueous
environment, and said at least one collector agent 1s added
thereafter to this aqueous environment to form said aqueous
suspension. Thus, an aqueous suspension of said at least one
crude mineral and/or pigment 1s first charged into vessel (1)
to the grinding media (2) followed by said at least one
collector agent.

In another alternative embodiment, said at least one
collector agent 1s first mtroduced 1n an aqueous environ-
ment, and said at least one crude mineral and/or pigment 1s
added thereatter to this aqueous environment to form said
aqueous suspension. Thus, an aqueous suspension of said at
least one collector agent 1s first charged into vessel (1) to the
erinding media (2) followed by said at least one crude
mineral and/or pigment.

The solid content, 1.e. the content of the at least one crude
mineral and/or pigment, of the aqueous suspension as pro-
vided 1n step II. 1s preferably between 5.0 and 80.0 wt.%,
preferably between 10.0 and 75.0 wt.-%, more preferably
between 20.0 and 70.0 wt.-%, and most preferably between
25.0 and 45.0 wt.-%, based on the total weight of the at least
one crude mineral and/or pigment 1n the aqueous suspension
as provided in step II. For a crude mineral and/or pigment
having a weight median particle size 1 the range of 20.0 to
500.0 um, the total weight of the at least one crude mineral
and/or pigment 1n the aqueous suspension as provided 1n
step 11. 1s preferably between 25.0 to 65.0 wt.-%. For a crude
mineral and/or pigment having a weight median particle size
in the range o1 0.5 to 20.0 um, the total weight of the at least
one crude mineral and/or pigment 1n the aqueous suspension
as provided 1n step II. 1s preferably between 40.0 to 80.0
wt.-%.

Additionally or alternatively, the content of the at least
one collector agent 1s in the range from 0.001 to 5.0 wt.-%,
preferably from 0.05 to 0.8 wt.-% and most preferably 1n the
range from 0.02 to 0.1 wt.-%, based on the total weight of
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the at least one crude mineral and/or pigment 1n the aqueous
suspension as provided in step II.

Preferably, the aqueous suspension formed in step II. 1s
formed under agitation.

According to step I11. of the mstant process, a tlotation gas
1s passed through flotation gas inlet (5¢) ito the aqueous
suspension formed in step II. Furthermore, the obtained
aqueous suspension 1s agitated by using agitation unit (3) to
transiorm the at least one crude mineral and/or pigment 1nto
at least one ground mineral and/or pigment and obtaining
thereby a ground mineral and/or pigment bearing phase and
a froth.

Said tlotation gas 1s generally introduced 1n the vessel of
step 11I. via flotation gas inlet (5¢) of the charge system (5)
which 1s connected to vessel (1). Preferably, the charge
system (5), 1.e. also the flotation gas nlet (3¢), 1s connected
to the bottom (7) of vessel (1) such that said flotation gas
then naturally rises upwards through the aqueous suspen-
S1011.

Said flotation gas 1s preferably air.

It 1s preferred that the flotation gas feature a bubble size
in the suspension of between 0.01 and 10.0 mm.

The gas hold up 1s preferably between 5 to 35%.

During step III., the aqueous suspension preferably has a
temperature of between 5 and 130 © C., more preferably of
between 10 and 100 ° C., even more preferably of between
15 and 95 © C. and most preferably of between 20 and 95 °
C. The choice of the temperature highly depends on the
choice of the at least one collector agent. When for example
tertiary amines are used as the at least one collector agent,
the temperature 1s preferably between 80 and 100° C. and
more preferably between 85 and 95° C. When esterquats are
used as the at least one collector agent, the temperature 1s
preferably between 20 and 30° C. and more preferably
between 30 and 40° C.

Step I1I. 1s preferably performed under agitation.

Step III. may be continuous or discontinuous.

In one embodiment, at least one dispersing agent 1s added
betfore or during step 111. Additionally or alternatively, the at
least one crude mineral and/or pigment comprises at least
one dispersing agent, 1.¢. the at least one dispersing agent 1s
provided together with the at least one crude mineral and/or
pigment i1n process step 1. Preferably, the at least one
dispersing agent 1s added before or during step III., more
preferably during step III.

The at least one dispersing agent may be any dispersing
agent known to the skilled person.

The term ““at least one” dispersing agent 1n the meaning of
the present invention means that the dispersing agent com-
prises, preferably consists of, one or more dispersing agent.

In one embodiment of the present mnvention, the at least
one dispersing agent comprises, preferably consists of, one
dispersing agent. Alternatively, the at least one dispersing
agent comprises, preferably consists of, two or more dis-
persing agents. For example, the at least one dispersing
agent comprises, preferably consists of, two or three dis-
persing agents.

Preferably, the at least one dispersing agent comprises,
more preferably consists of, one dispersing agent.

For example, the at least one dispersing agent 1s selected
from the group consisting of sodium, potassium, calcium,
magnesium, lithium, strontium, primary amine, secondary
amine, tertiary amine and/or ammonium salts, whereby the
amine salts are linear or cyclic, of at least partly neutralized
homopolymers or copolymers of (meth)acrylic acid, maleic
acid, fumaric acid, 1taconic acid and derivatives of these
acids, preferably esters or amides such as methylmethacry-
late, methylacrylate, acrylamide, sodium hydrogen phos-
phate or polyphosphates such as alkalipolyphosphates, car-
boxymethylcellulose, steric dispersants, comb polymers

and/or mixtures thereof, preferably sodium polyacrylate
having a molecular weight M of from 4 000 to 10 000
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g/mol, preferably from 4 000 to 8 000 g/mol and most
preferably of about 6 000 g/mol and/or mixtures thereof.

Preferably, the at least one dispersing agent 1s sodium
polyacrylate having a molecular weight M of from 4 000 to
10 000 g/mol, preferably from 4 000 to 8 000 g/mol and
most preferably of about 6 000 g/mol.

When a dispersing agent 1s used in the process according,
to present invention 1t 1s preferred that no flocculation occurs
with the collector agent.

In one embodiment, the solid content, 1.e. the content of
the at least one crude mineral and/or pigment, 1n the aqueous
suspension as provided 1n step 1I. 1s between 60.0 and 80.0
wt.-% and the at least one dispersing agent 1s negatively
charged and the at least one collector agent 1s non-1onic.
Alternatively, the at least one dispersing agent 1s positively
charged and the at least one collector agent 1s non-ionic or
the at least one dispersing agent 1s non-ionic and the at least
one collector agent 1s negatively or positively charged or the

collector agent and the dispersing agent are non-ionic.

A preferred combination of collector and dispersing agent
are tertiary amines and polvacrylic acids.

The content of the at least one dispersing agent 1s prei-
erably 1n the range from 0.1 to 1.0 wt.-%, more preferably
from 0.2 to 0.6 wt.-% and most preferably 1n the range from
0.3 to 0.5 wt.-% based on the total weight of the at least one
crude mineral and/or pigment 1n the aqueous suspension,
preferably based on the total weight of the at least one crude
mineral and/or pigment 1in the aqueous suspension as pro-
vided 1n step II.

If a dispersing agent 1s added, the content of the at least
one collector agent 1s preferably 1n the range from 0.001 to
5.0 wt.-%, preferably from 0.05 to 0.8 wt.-%, and most
preferably 1n the range from 0.02 to 0.1 wt.-%, based on the
total weight of the at least one crude mineral and/or pigment
in the aqueous suspension as formed in step 1.

It 1s appreciated that the process mvolves a direct or an
indirect flotation step leading to the formation of a froth
containing the tloated phase and a slurry bearing phase with
the remaining ground mineral and/or pigment. Preferably,
the process mvolves an indirect tlotation step leading to the
formation of a froth containing the floated phase and a slurry
bearing phase with the remaining ground mineral and/or
pigment.

It 1s preferred that the mill diameter, 1.e. the mner diameter
of vessel (1), 1s 1n the range from 200 to 750 mm and the
agitation unit 1s adjusted to a shaft speed of 150 to 400 rpm
or the mill diameter, 1.e. the 1nner diameter of vessel (1), 1s
in the range from 751 to 1 250 mm and the agitation unit (3)
1s adjusted to a shait speed of 125 to 350 rpm or the mill
diameter 1s 1n the range from 1 231 to 1 750 mm and the
agitation unit 1s adjusted to a shait speed of 100 to 300 rpm.

In one embodiment, one or more additives selected from
the group consisting of pH-adjusting agents, solvents, and/or
polyelectrolytes are added before step IV. preferably the
content of these additives 1s 1n the range from 0.0005 to 1.0
wt.-%, more preferably from 0.001 to 0.5 wt.-% and most
preferably 1n the range from 0.001 to 0.1 wt.-% based on the
total weight of the at least one ground mineral and/or
pigment 1n the aqueous suspension, preferably based on the
total weight of the at least one ground mineral and/or
pigment in the ground mineral and/or pigment bearing phase
of step III.

According to step IV., the at least one ground mineral
and/or pigment 1s recovered by removing the ground mineral
and/or pigment bearing phase from the froth obtained in step
I11.

The froth containing impurities 1s upheld within the
aqueous suspension and concentrated in a supernatant foam.
This foam can be collected and separated from the at least
one mineral and/or pigment by the discharge system (6)
connected to vessel (1).
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The collected froth comprising the impurities may be
subjected to one or more further steps of froth tlotation.

Likewise, the collected ground mineral and/or pigment
bearing phase obtained 1n step IV. may be subjected to one
or more further steps of froth flotation, according to the
invention or according to prior art froth flotation methods.

Thus, 1t 1s appreciated that a ground mineral and/or
pigment bearing phase 1s obtainable by the instant process.

The obtained ground mineral and/or pigment bearing
phase obtained by the process of the present invention can
be dewatered by removing at least a portion of the water to
obtain a partially dewatered ground mineral and/or pigment.
Thus, the instant process may further comprise step V. of
dewatering and optionally drying the ground mineral and/or
pigment bearing phase obtained 1n step IV,

The solids content of the partially dewatered ground
mineral and/or pigment 1s preferably from 20.0 to 80.0
wt.-%, more preferably from 30.0 to 70.0 wt.-%, most
preferably from 40 to 65.0 wt.-%, based on the total weight
of the corresponding ground mineral and/or pigment bearing
phase. According to one embodiment, the solids content of
the corresponding ground mineral and/or pigment bearing,
phase 1s dewatered to a medium solid content so that it 1s
from 50.0 to 62.0 wt.-%, based on the total weight of the
corresponding ground mineral and/or pigment bearing
phase. It 1s appreciated that the solids content of the partially
dewatered ground mineral and/or pigment 1s above the
solids content of the corresponding ground mineral and/or
pigment bearing phase before dewatering. Thus, the solids
content of the partially dewatered ground mineral and/or
pigment depends on the solids content of the corresponding,
ground mineral and/or pigment bearing phase before dewa-
tering.

According to one optional embodiment of the present
invention, the step ol dewatering the corresponding ground
mineral and/or pigment bearing phase obtained by the
process of the present invention 1s carried out such that a dry
product 1s obtained, 1.e. the corresponding ground mineral
and/or pigment bearing phase i1s drnied to obtain a dried
ground mineral and/or pigment.

In another embodiment of the instant process, the process
turther comprises step V1. of treating the partially dewatered
and/or dried ground mineral and/or pigment obtained after
dewatering step V. with at least one dispersing agent and
re-dilute 1t to obtain an aqueous suspension comprising a
dispersed ground mineral and/or pigment.

Additionally or alternatively, the process further com-
prises step VII. of treating the partially dewatered and/or
dried ground mineral and/or pigment before or after dewa-
tering or drying step V. with at least one saturated aliphatic
linear or branched carboxvlic acid and/or with at least one
mono-substituted succinic anhydride and/or at least one
mono-substituted succinic acid and/or salty reaction
product(s) and/or with at least one phosphoric acid ester
blend of one or more phosphoric acid mono-ester and/or
reaction products thereotf and one or more phosphoric acid
di-ester and/or reaction products thereof to obtain a hydro-
phobized ground mineral and/or pigment.

The methods for treating a partially dewatered and/or
dried ground mineral and/or pigment with at least one
mono-substituted succinic anhydride and/or at least one
mono-substituted succinic acid and/or salty reaction
product(s) and/or with at least one phosphoric acid ester
blend of one or more phosphoric acid mono-ester and/or
reaction products thereotf and one or more phosphoric acid
di-ester and/or reaction products thereof and suitable com-
pounds for coating are described in EP 2 722 368 Al and EP
2 770 017 Al, which are thus incorporated herewith by
references.

Suitable saturated aliphatic linear or branched carboxylic
acids for treating the dried ground mineral and/or pigment
and/or partially dewatered ground mineral and/or pigment
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are for example aliphatic linear or branched carboxylic acids
having between 5 and 24 carbon atoms during and/or before
and/or after drying. Preferably, the dried ground mineral
and/or pigment and/or partially dewatered ground mineral
and/or pigment 1s treated with an aliphatic linear or branched
carboxylic acid having between 5 and 24 carbon atoms
before or after drying. More preferably, the dried ground
mineral and/or pigment and/or partially dewatered ground
mineral and/or pigment 1s treated with an aliphatic linear or
branched carboxylic acid having between 5 and 24 carbon
atoms before drying.

The aliphatic linear or branched carboxylic acid in the
meaning of the present invention may be selected from one
or more straight chain, branched chain, saturated, unsatu-
rated and/or alicyclic carboxylic acids. Preferably, the ali-
phatic linear or branched carboxylic acid 1s a monocarbox-
ylic acid, 1.e. the aliphatic linear or branched carboxylic acid
1s characterized 1n that a single carboxyl group 1s present.
Said carboxyl group 1s placed at the end of the carbon
skeleton.

In one embodiment of the present invention, the aliphatic
linear or branched carboxylic acid 1s selected from saturated
unbranched carboxylic acids, that 1s to say the aliphatic
linear or branched carboxylic acid 1s preferably selected
from the group of carboxylic acids consisting ol pentanoic
acid, hexanoic acid, heptanoic acid, octanoic acid, nonanoic
acid, decanoic acid, undecanoic acid, lauric acid, tridecanoic
acid, myristic acid, pentadecanoic acid, palmitic acid, hep-
tadecanoic acid, stearic acid, nonadecanoic acid, arachidic
acid, heneicosylic acid, behenic acid, tricosylic acid, ligno-
ceric acid and mixtures thereof.

In another embodiment of the present invention, the
aliphatic linear or branched carboxylic acid 1s selected from
the group consisting of octanoic acid, decanoic acid, lauric
acid, myristic acid, palmaitic acid, stearic acid, arachidic acid
and mixtures thereol. Preferably, the aliphatic linear or
branched carboxylic acid is selected from the group con-
sisting of myristic acid, palmitic acid, stearic acid and
mixtures thereof.

For example, the aliphatic linear or branched carboxylic
acid 1s stearic acid.

In view of the advantageous properties of the instant
apparatus and process, especially the eflicient separation of
minerals and/or pigments and impurities and the high min-
eral and/or pigment recovery resulting therefrom, the pres-
ent invention 1s further directed to the ground mineral and/or
pigment and/or the ground mineral and/or pigment bearing
phase obtainable by the instant process.

In a preferred embodiment, the mineral and/or pigment
obtained according to the inventive process comprises <2
wt.-%, preferably <0.5 wt.-% and more preferably <0.05
wt.-% 1mpurities determined as described in the Experimen-
tal Section.

In a further embodiment the Tapp1 Brighness determined
as described 1n the Experimental Section of a white pigment
manufactured by the process according to present invention
1s >85, preferably >87 and more preferably >94 for fine
ground materials, this means particles with a d., ot 0.5 to
20.0 um.

The mnventive ground mineral and/or pigment bearing
phase obtainable by the process may be used in paper
applications. The mventive ground mineral and/or pigment
bearing phase obtainable by the process may also be used in
paper, plastics, paints, coatings, adhesives, sealants, food,
teed, pharma, concrete, cement, cosmetic, water treatment
and/or agriculture applications,

The mnventive ground mineral and/or pigment bearing
phase obtainable by the process may advantageously be used
in wet end process of paper machine, 1n cigarette paper,
board, and/or coating applications. Alternatively, the inven-
tive ground mineral and/or pigment bearing phase obtain-
able by the process may advantageously be used as support
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for rotogravure and/or oflset and/or ink jet printing and/or
continuous 1nk jet printing and/or flexography and/or elec-
trophotography and/or decoration surfaces.

The following figures, examples and tests will illustrate
the present mnvention, but are not mtended to limit the
invention 1n any way.

EXPERIMENTAL SECTION

1. Measurement Methods

Particle Size Distribution

The average particle size and the average particle size
mass distribution of a particulate material are determined via
laser diffraction, 1.e. the light from a laser passes through a
suspension and the particle size distribution 1s calculated
from the resulting diffraction pattern. The measurement 1s
made with a CILAS 920 particle-size-analyzer of CILAS,
Orleans, France. The method 1s well known to the skilled
person and 1s commonly used to determine the particle size
distribution of particulate materials. The measurement 1s
carried out by diluting the corresponding suspension (de-
ionised water; solution of 0.1 wt.-% of sodium pyrophos-
phate). The samples were dispersed using a high speed
stirrer and ultrasonic.

Weight Solids (wt.-%) of a Material 1n Suspension

The weight solids were determined by dividing the weight
of the solid material by the total weight of the aqueous
suspension. The weight of the solid material 1s determined
by weighing the solid material obtained by evaporating the
aqueous phase of suspension and drying the obtained mate-
rial to a constant weight.

Determination of the HCI Insoluble Content

10 g crude matenal (dry product or slurry under consid-
cration of the solid content) were weighted into a 400 ml

beaker, suspended 1 50 ml demineralized (demin.) water
and mixed with 40 ml HCI (8N=235%). After the formation
of carbon dioxide has been finished the mixture was boiled
for 5 minutes, cooled to room temperature and subsequently
strained over a previously weighed membrane filter. The
beaker wall was rinsed 3 times with 20 ml demin. water and
afterwards the filter was dried at 105° C. 1n the microwave
until weight constancy i1s reached. After the filter cooled
down 1n the desiccator 1t was weighed back and the HCI
insoluble (insol.) content was calculated according to fol-
lowing equation:

HCl-1nsol. content[% by weight| =

filt — filter t
er gross|g| — filter tare|g] % 100%

welghted sample[g](dry mass of slurry)

Product Residues (Sieving Analysis)

Sieving analysis was carried out according to ISO 3310.

Brightness Measurement and Yellow Index (=YI)

The samples from the flotation process were dried by use
of microwave. The obtained dry powders were prepared 1n
a powder press to get a flat surface and Tappi1 brightness
(R457 ISO brightness) 1s measured according to ISO 2469
using an ELREPHO 3000 from the company Datacolor. The
results for the Tapp1 brightness are given as percentage in
comparison to a calibration standard.

The yellow index has been calculated by the following
formula:

YI=100*(R,~R.)/R,)
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2. Collector and Dispersing Agents, Impurities and
Crude MaterialLL

2.1 Collector Agents

A: Lupromin® FP 18 AS

Mixture of fatty acids, C14-C20 and C16-C18 unsaturated
products with adipic acid and triethanolamine, di-Me sul-
phate-quaternized and 2-propanol, commercially available

from BASF SE (Germany).

B: Lilaflot 1590

Mixture of a Quaternary ammonium compound and an
Alkylamine ethoxylate, commercially available from Akzo
Nobel Surface Chemistry AB, (Sweden)

C: Lilatlot GS13

Mixture of 2-Ethylhexanol and hydrated petroleum, com-
mercially available from Akzo Nobel Surface Chemistry
AB, (Sweden)

2.2 Impurities

In the following examples, the impurities were deter-
mined as the HCl-insoluble content (see method above).

2.3 Crude Material

Bright marble from the Region of West-Styria 1n Austria,
including impurities up to max. 5 wt.-%; d.,=49 to 52 um.

3. Examples

3.1 Coarse Products After Grinding-Flotation

3.1.1 Inventive

The Grinding-Flotation trials were performed 1n a vertical
Stirred Ball Mill with a grinding volume of 50 1 (lab scale)
at suspension feed temperature in the range of 30+5° C.

For all trials grinding media with a diameter between 2.5
and 4 mm at a bulk density of 2.5 kg/dm” were used. Slurry
teed was realized continuously by means of a centrifugal
pump, introduced into the bottom of the mill. Collector
agent addition took place in the feed vessel, equipped with
a stirrer. Pressurized air was added to the feed pipe just
betore entering the stirred ball mull.

After the processing the product exited the mill on top by
using a vertical circumierential discharge screen 1n combi-
nation with a collector ring. The foam was collected 1n a
second collector ring above. The solids content of the
aqueous crude material suspension added to the Grinding-
Flotation mill was 1n the range of 49 to 52% by dry weight,
used water came from the internal plant process water loop.
The collector agent dosage rate has been varied between 410
and 820 ppm (see Table 2).

A flotation gas, consisting of pressurized air, was 1ntro-
duced 1nto the slurry feed pipe at dosage rates between 0.5
and 5 m>/h (see Table 1). Best result could be achieved at 1
and 2 m>/h (see Table 1). Simultaneously, the shaft speed of
the agitator was adjusted to the values as given 1 Table 1
below. The foam which was created in the mill could be
separated from the suspension by means of the circumier-
ential screen on top of the mill. The remaining suspension
was collected and analysed according to the methods as
given above.

3.1.2 Comparative

For the current reference trial a 601 Outotec tank cell was
used, running in batch operation mode. Results and flotation
conditions are given in Table 2.

3.1.4 Dascussion of the Results

The comparison of the results 1n Tables 1 and 2 clearly
demonstrates that the mnventive process allows to remove a
much higher content of impurities than a usual flotation
Process.
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TABLE 1

of Grinding-Flotation.

Flotation and grinding data

Collector Alr dosage Feed
Test Solids Collector agent dosage Mill feed rate Shaft speed Impurities dg, Residues >100
No. [wt-%]  agent [ppm ] [1/h] [m>/h] [rpm] [wt.-%]*  [um] [um ]
1 52 A 410 350 1 175 2.71 54.7 9.7
2 49 A 820 350 1 245 1.6 45.3 6.6
3 52 A 820 350 2 210 2.3 54.6 9.7
Feed Product
Residues Residues HCI Content
Test 63 to 100 Tappi Impurities d30 Residues =100 63 to 100 Tappi Reduction®”  recovery
No. [um]]  Brightness [wt.-%]® [um] [um] [um]]  Brightness [wt-%] [wt.-%]
1 34.8 82.2 1.2 42.7 4.2 21.5 86.2 1.51 55.7
2 29.8 n.4a. 0.37 26 0.5 7.7 1.4a. 1.23 76.9
3 34.8 82.2 0.9 36.1 3.4 22.7 90.5 1.40 60.9

‘I)Impurities expressed as compounds insoluble in 8N HCL, impurities are mainly mica;

P)difference between the impurities {(expressed as sum of compounds insoluble 1n 8N hydrochloric acid) 1n the crude product and the mass of
impurities (expressed as sum of compounds insoluble 1 8N hydrochloric acid) in the product after grinding/flotation;
“‘mass of impurities (expressed as sum of compounds insoluble in 8N hydrochloric acid) in the froth/mass of impurities (expressed as sum of

compounds insoluble 1n 8N hydrochloric acid) in the crude material;
n.a. = not available.

TABLE 2

Results of Coarse-Flotation.

Flotation data Feed Product
Collector Residues Content
Test Solids  Collector agent dosage Impurities d5, Residues >100 63 to 100 Impurities HCI recovery
No. [wt.-%]  agent [ppm] [Wt-%]"  [um] [um] [um ] [wt.-%]% Reduction” [wt.-%]¢
1 50 A 250 1.58 45 2.5 11.3 1.31 0.28 17.4
2 50 A 250 1.73 45 2.5 11.3 1.05 0.68 39.1
3 50 A 250 1.41 45 2.5 11.3 0.76 0.65 45.9

‘I)Impurities expressed as compounds insoluble in 8N HCL, impurities are mainly mica;

P)difference between the impurities {(expressed as sum of compounds insoluble 1n 8N hydrochloric acid) in the crude product and the mass of impurities
(expressed as sum of compounds insoluble 1n 8N hydrochloric acid) 1n the product after grinding/flotation;
“mass of impurities (expressed as sum of compounds insoluble 1n 8N hydrochloric acid) in the froth/mass of impurities (expressed as sum of compounds

insoluble in 8N hydrochloric acid) in the crude maternal.

3.2 Fine Products After Grinding-Flotation

3.2.1 Inventive

The Grinding-Flotation trials were performed 1n a vertical
Stirred Ball Mill with a grinding volume of 20 1 (lab scale)

at suspension feed temperature 1n the range of 22+5° C.
For all trials grinding media with a diameter between 2.5
and 4 mm at a bulk density of 2.5 kg/dm”> were used. Slurry

teed was realized continuously by means of a centrifugal

pump, introduced into the bottom of the mill. Collector
agent addition took place 1n the feed vessel, equipped with
a stirrer. Pressurized air was added to the feed pipe just
betore entering the stirred ball mull.

After the processing the product exited the mill on top by

using a vertical circumierential discharge screen 1 combi-
nation with a collector ring. The foam was collected 1n a
second collector ring above. The solids content of the

aqueous crude material suspension added to the Grinding-
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Flotation mill was 1n the range of 30 to 31.5% by dry weight,
used water came from the internal plant process water loop.
A flotation gas, consisting of pressurized air, was introduced
into the slurry feed pipe at dosage rates between 0.3 and 0.55
m->/h (see Table 3). Simultaneously, the shaft speed of the
agitator was adjusted to 620 rpm as given in Table 3 below.
The foam which was created in the mill could be separated
from the suspension by means of the circumierential screen
on top of the mill. The remaining suspension was collected

and analysed according to the methods as given above.

3.2.3 Discussion of the Results

The comparison of the feed and product data 1n Tables 3
clearly demonstrates that the mventive process allows to
reduce the HCI insoluble content and increase also the Tappi

brightness by several points, what might be needed to bring

a poor feed product back into the specification range.
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3.2.2 Results

TABLE 3

Results of Grinding-Flotation to obtain a fine product.

Flotation and grinding data

26

Collector Collector
agent B agent C Air Shaft Feed
Test Solids dosage dosage dosage rate  speed ds Tappi
No. [wt-%] [ppm] [ppm] [m>/h] [rpm] [um] Brightness
1 31.3 300 23 0.5 620 10.16 94.4
2 30.8 300 25 0.5 620 10.16 94.4
3 30.5 300 23 0.3 620 10.16 94.4
Feed Product Waste
Test Impurities dsg Tappi Impurities dse Impurities
No. [wt-%]® YI [um] Brightness [wt.-%]®’ YI [um] [wt.-%]"
1 0.07 1.07 1.85 95.20 0.05 0.98 n.d. 0.2%8
2 0.07 1.07  1.77 95.70 0.03 0.88 1.8% 0.20
3 0.07 1.07 1.69 95.90 0.02 0.84 1.7% 0.21
‘I)Impurities expressed as compounds insoluble in 8N HCL, impurities are mainly mica,
n.d. = not determined.
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The 1nvention claimed 1s: flotation gas inlet (5¢) of the charge system (5) are connected
1. An apparatusior simultaneous grinding and froth flo- to each other such that the flotation gas and the collector
tation of at least one crude mineral and/or pigment, com- agent are fed together with the at least one crude mineral
prising and/or pigment 1n vessel (1).
a) a vessel (1) suitable for containing grinding media (2), 30 4. The apparatus according to claim 1, characterized in

a flotation gas, a collector agent and at least one crude
mineral and/or pigment;

b) an agitation unit (3) rotatably mounted in vessel (1);

¢) dnve means (4) connected to agitation unit (3) for

agitating the grinding media (2) and the at least one
crude mineral and/or pigment to grind the at least one
crude mineral and/or pigment into at least one ground
mineral and/or pigment;

d) a charge system (5) connected to vessel (1) comprising

1. a crude mineral and/or pigment feed (5a).

1. a collector agent feed (3b), and

111. a flotation gas inlet (5¢);

¢) a discharge system (6) connected to vessel (1) com-

prising

1. a sieve (6a) suitable for separating froth from the
ground mineral and/or pigment, and suitable for
preventing the grinding media from being dis-
charged with the ground mineral and/or pigment,

11. a product collecting zone (65) suitable for collecting
the ground mineral and/or pigment,

111. a froth collecting zone (6¢) and

1v. a froth redirecting element (64) having a conical
structure athxed to and around a circumierence of
the stirring shaft of the agitation unit, wherein said
froth redirecting element 1s arranged above the sieve
(6a).

2. The apparatus according to claim 1, characterized in
that the froth collecting zone (6¢) comprises spraying
nozzles (6¢1) and/or the discharge system (6) comprises a
discharge control valve (6¢) or a bypass with overtlow (6f)
and/or the productcollecting zone (65) 1s ring-shaped and/or
the froth collecting zone (6c¢) 1s ring- shaped and/or the froth
redirecting element (6d) 1s ring-shaped.

3. The apparatus according to claim 1, characterized in
that the mineral and/or pigment feed (5a) 1s connected to the
bottom (7) of vessel (1), and/or the crude mineral and/or
pigment feed (5a), the collector agent feed (3b) and the
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that the at least one crude mineral and/or pigment has/have
a weight median particle diameter d-, 1n the range from 20
to 500 um and the grinding media (2) have a bulk density in
the range from 1.5 to 6.0 kg/dm?; and/or the grinding media
(2) have a weight median particle diameter d., in the range
from 0.2 to 5.0 mm: and/or the at least one crude mineral
and/or pigment has/have a weight median particle diameter
d., 1n the range from 0.5 to 20 um and the grinding media
(2) have a bulk density in the range from 1.5 to 6.0 kg/dm>;
and/or the grinding media (2) have a weight median particle
diameter d., 1n the range from 0.2 to 5 mm.

5. A process carried out 1n an apparatus according to claim
1 for manufacturing at least one ground mineral and/or
pigment comprising the steps

I. providing at least one crude mineral and/or pigment,
ogrinding media (2) and at least one collector agent 1n
vessel (1);

II. mixing the at least one crude mineral and/or pigment,
the grinding media (2) and the at least one collector
agent as provided in step 1. with water to form an
aqueous suspension;

I11. passing a flotation gas through flotation gas inlet (5¢)
into the aqueous suspension formed in step II. and
agitating the obtained aqueous suspension by using
agitation unit (3) to transform the at least one crude
mineral and/or pigment 1nto at least one ground mineral
and/or pigment and obtaining thereby a ground mineral
and/or pigment bearing phase and a froth;

IV. recovering the at least one ground mineral and/or
pigment by removing the ground mineral and/or pig-
ment bearing phase from the froth obtained 1n step III.

6. The process according to claim 3, characterized in that

the process mvolves a direct or an indirect flotation step
leading to the formation of a froth containing the floated
phase and a slurry bearing phase with the remaining ground
mineral and/or pigment.
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7. The process according to claim 35, characterized 1n that
at least one dispersing agent 1s added before or during step
III. and/or the at least one crude mineral and/or pigment
comprises at least one dispersing agent.

8. The process according to claims 5, characterized 1n that
the at least one dispersing agent 1s selected from the group
consisting of sodium, potassium, calcium, magnesium,
lithium, strontium, primary amine, secondary amine, tertia-
ryamine and/or ammonium salts, whereby the amine salts
are linear or cyclic, of at least partly neutralized homopo-
lymers or copolymers of (meth)acrylic acid, maleic acid,
fumaric acid, itaconic acid and derivatives of these acids;
and/or

the at least one collector agent 1s selected from the group

consisting of surface active and hydrophobic tensides
and/or mixtures thereof; and/or

the content of the at least one dispersing agent 1s 1n the

range from 0.1 to 1.0 wt.-% based on the total weight
of the at least one crude mineral and/or pigment in the
aqueous suspension; and/or

the content of the at least one collector agent 1s in the

range from 0.001 to 5.0 wt.-% based on the total weight
of the at least one crude mineral and/or pigment in the
aqueous suspension as provided in step II.

9. The process according to claim 5, characterized 1n that
the mill diameter 1s 1n a range from 200 to 750 mm and the
agitation unit 1s adjusted to a shaft speed of 150 to 400 rpm
or the mill diameter 1s 1n the range from 751 to 1 250 mm
and the agitation unit 1s adjusted to a shaft speed of 1235 to
350 rpm or the mill diameter 1s 1n the range from 1 251 to
1 750 mm and the agitation unit 1s adjusted to a shatt speed
of 100 to 300 rpm.

10. The process according to claim 3, characterized 1n that
the solid content of the aqueous suspension 1s between 5.0
and 80.0 wt.-% based on the total weight of the at least one
crude mineral and/or pigment 1n the aqueous suspension as
provided in step II.

11. The process according to claim 5, characterized 1n that
the at least one crude mineral and/or pigment provided in
step 1. 1s a crude white pigment containing material.

12. The process according to claim 11, characterized 1n
that the crude white pigment containing material comprises
impurities selected from the group consisting of 1ron sul-
phides; 1ron oxides; silicates; graphite and mixtures thereof,
and/or the weight ratio of white pigment to impurities in the
crude white pigment contaiming material (white pigment:
impurities) 1s from 0.1:99.9 to 99.9:0.1, based on the dry
weight.
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13. The process according to claim 5, characterized 1n that
one or more additives selected from the group consisting of
pH-adjusting agents, frothers, depressing agents, solvents,
and/or polyelectrolytes are added belore step 1V.
14. The process according to claim 5, characterized 1n that
the process further comprises the steps of
V. dewatering and optionally drying the ground mineral
and/or pigment bearing phase obtained 1n step IV. to
remove at least a portion of water to obtain a partially
dewatered ground mineral and/or pigment or to obtain
a dried ground mineral and/or pigment;

V1. treating the partially dewatered and/or dried ground
mineral and/or pigment obtained after dewatering step
V. with at least one dispersing agent and re-dilute 1t to
obtain an aqueous suspension comprising a dispersed
ground mineral and/or pigment, and/or

VII. treating the partially dewatered and/or dried ground

mineral and/or pigment before or after dewatering or
drying step V. with at least one saturated aliphatic linear
or branched carboxylic acid and/or with at least one
mono-substituted succinic anhydride and/or at least one
mono-substituted succinic acid and/or salty reaction
product(s) and/or with at least one phosphoric acid
ester blend of one or more phosphoric acid mono-ester
and/or reaction products thereof and one or more
phosphoric acid di-ester and/or reaction products
thereol to obtain a hydrophobized ground mineral
and/or pigment.

15. The apparatus of claim 1, wherein the agitation unit
(3) consists essentially of the stirring shaft and a plurality of
annular disks mounted on the stirring shaft with uniform
spacing between the disks.

16. The apparatus of claim 15, wherein the annular disks
comprise openings in their radially interior area.

17. The apparatus of claim 1, wherein the sieve has
opening sizes 1n a range of from 0.1 mm to 5.0 mm.

18. The apparatus of claim 1, wherein the sieve has
opening sizes 1n a range of from 0.5 mm to 3.0 mm.

19. The apparatus of claim 1, wherein the froth- collecting
zone (6c¢) 1s ring-shaped and comprises two or three spraying
nozzles (6¢1).

20. The apparatus of claim 1, further comprising the
ogrinding media (2) within the vessel (1), wherein the grind-
ing media have a weight media particle diameter d-, of from
2.4 mm to 4.0 mm and a bulk density of from 2.2 kg/dm” to
4.0 kg/dm”.
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